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ABSTRACT 
S i g n i f i c a n t l y  improved s t r e n g t h  r e t e n t i o n  a t  t empera tures  up t o  
200°F h a s  been observed f o r  polyurethane bonded j o i n t s  i n  t h r e e  bonding 
procedures  where s i l a n e  coupl ing  agents  were used a s  pr imers  ,.for h e t a l  
adherends and i n  a n o t h e r  procedure where a s i l a n e  c o u p l i n g  a g e n t  was 
used a s  an  a d d i t i v e  t o  the  r e s i n  system. Notable  s t r e n g t h  g a i n s  were 
a l s o  e v i d e n t  i n  bonds t e s t e d  a t  c ryogenic  and ambient tempera tures .  
NASA-GEORGE C.  MARSHALL S P A C E  F L I G H T  C E N T E R  
T E C H N I C A L  MEMORANDUM X- 53676 
A P R E L I M I N A R Y  E V A L U A T I O N  OF SILANE C O U P L I N G  A G E N T S  A S  P R I M E R S  AND 
A D D I T I V E S  I N  POLYURETHANE BONDING PROCEDURES 
By L. M. T h o m p s o n  and W .  E .  H i l l  
P R O P U L S I O N  AND V E H I C L E  E N G I N E E R I N G  LABORATORY 
RESEARCH AND DEVELOPMENT O P E R A T I O N S  




DISCUSSION 2 .................................................. 
RESULTS AND C O N C L U S I O N S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
EXPERIMENTAL...... ........................................... 3 
Meta l  P r e p a r a t i o n  ....................................... 
Adhesive Formula t ion  and C u r e . , . . . . . . . . . . . . . . . , . . . . , . . . .  
2-6040 Addi t ive  ........................................ 
2-6040 Primer ......................................... 
2-6020 Primer ......................................... 
XC-3901 P r i m e r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
iii 
LIST OF ILLUSTRATIONS 
Table  T i t l e  Page 
I E f f e c t  of S i l a n e  Pr imers  and A d d i t i v e s  on Lap Shear  
T e n s i l e  Values ........................................... 5 
I1 E f f e c t  of S i l a n e  Pr imers  and A d d i t i v e s  on T-Peel Values . .  5 
I11 Lap Shear T e n s i l e  S t r e n g t h  Gains A t t r i b u t e d  t o  Use of  
S i l a n e  A d d i t i v e s  and Pr imers .  ............................ 6 
I V  T-Peel S t r e n g t h  Gains A t t r i b u t e d  t o  Use of S i l a n e  
Addi t ives  and Pr imers  .................................... 6 
V E f f e c t  of 2-6040 A d d i t i v e . .  .............................. 7 
F i g u r e  
1 Ef fec t  of S i l a n e  Primer and A d d i t i v e s  on Lap Shear  
T e n s i l e  S t r e n g t h  ......................................... 8 
2 E f f e c t  of  S i l a n e  Pr imers  and A d d i t i v e s  on T-Peel  
S t r e n g t h s  ................................................ 9 
i v  
TECHNICAL MEMORANDUM X- 5 367 6 
A PRELIMINARY EVALUATION OF SILANE COUPLING AGENTS AS PRIMERS AND 
ADDITIVES I N  POLYURETHANE BONDING PROCEDURES 
SUMMARY 
The polyoxyte t ramethylene  based polyure thane  a d h e s i v e s  a r e  w i d e l y  
used f o r  c ryogenic  a p p l i c a t i o n s  but  a r e  markedly d e f i c i e n t  a t  temper- 
a t u r e s  above ambient .  A group of t h r e e  commercial ly  a v a i l a b l e  s i l a n e  
c o u p l i n g  a g e n t s  was e v a l u a t e d  a s  p r i m e r s  f o r  aluminum adherends bonded 
w i t h  polyure thane  a d h e s i v e ,  and one of t h e  group was f u r t h e r  t e s t e d  by 
d i r e c t  a d d i t i o n  t o  t h e  polyurethane r e s i n  t o  g i v e  an  i n t e g r a l  b l e n d .  
V i t a l l y  improved bond s t r e n g t h s  were o b t a i n e d  i n  a l l  t e s t s  a t  200"F, 
a tempera ture  n e a r  t h e  upper  u s e f u l  l i m i t  f o r  po lyure thane  s t r u c t u r a l  
bonds.  I n c r e a s e d  s t r e n g t h s  were a l s o  o b t a i n e d  a t  c ryogenic  and a t  
ambient tempera tures .  The o v e r a l l  j o i n t  improvements recorded i n  t h e s e  
t e s t s  s t r o n g l y  i n d i c a t e  t h a t  t h e  use of s i la -ne  c o u p l i n g  a g e n t s  w i l l  
e f f e c t  impress ive  g a i n s  i n  s t r e n g t h  and r e l i a b i l i t y  of  po lyure thane  
bonded j o i n t s .  
INTRODUCTION 
The polyoxyte t ramethylene  based p o l y u r e t h a n e s  ; i . e .  , Adiprene L-100, 
Narmco 7343, P r o d u c t s  Research 5211 ,  and 3M XC-3515, comprise a c l a s s  
of  a d h e s i v e s  i n  g e n e r a l  u s e  f o r  s t r u c t u r a l  bonding i n  a r e a s  s u b j e c t e d  
t o  c ryogenic  tempera tures .  S t r e n g t h s  of aluminum-to-aluminum bonds 
f a b r i c a t e d  w i t h  t h e s e  a d h e s i v e s  a r e  v e r y  h i g h  a t  t h e  tempera tures  o f  
l i q u i d  hydrogen (-423'F) and l i q u i d  n i t r o g e n  (-320OF) , b u t  n o t a b l e  
s t r e n g t h  d e c r e a s e s  accompany a r i se  t o  ambient tempera tures  and above. 
F u r t h e r  c h a r a c t e r i s t i c s  of t h e  polyure thane  a d h e s i v e s  a r e  t h e  wide 
s c a t t e r  t h a t  i s  o f t e n  observed w i t h i n  a g iven  s e t  of l a p  s h e a r  t e n s i l e  
o r  T-peel  specimens t e s t e d  a t  a g iven  tempera ture ,  and t h e  wide v a r i a t i o n  
between average s t r e n g t h  v a l u e s  o b t a i n e d  from d i f f e r e n t  se t s  of specimens.  
This  p u b l i c a t i o n  p r e s e n t s  the p r e l i m i n a r y  r e s u l t s  of a t t e m p t s  t o  
improve t h e  h i g h e r  tempera ture  u t i l i t y  and o v e r a l l  r e l i a b i l i t y  of  t h e  
polyure thane  a d h e s i v e s  by a p p l i c a t i o n  of  s i l a n e  coupl ing  a g e n t s  t o  t h e  
adherends i n  a pr iming  technique o r  by a d d i t i o n  of s i l a n e  c o u p l i n g  
a g e n t s  d i r e c t l y  t o  t h e  polyurethane r e s i n  system. Narmco 7343, cured  
w i t h  MOCA (4,4'-methylene-bis(2-chloroaniline)) i s  r e p r e s e n t a t i v e  of  t h e  
p o l y u r e t h a n e s  and is t h e  s p e c i f i c  example of  i t s  c l a s s  i n  t h e  r e s u l t s  
r e p o r t e d  h e r e .  
DISCUSSION 
Three commercially a v a i l a b l e  s i l a n e  d e r i v a t i v e s  were e v a l u a t e d  a s  
pr imers  f o r  c leaned  aluminum adherends.  These were:  
a .  Dow C o r n i n g ' s  2-6040 (hydrolyzed w i t h  a c e t i c  a c i d  b e f o r e  
app l i c a  t ion) 
b .  Dow Corning ' s  2-6020 
c. 3M Company's XC-3901. 
The f i r s t  m a t e r i a l  l i s t e d ,  2-6040, was a l s o  e v a l u a t e d  f o r  d i r e c t  a d d i t i o n  
i n  s m a l l  percentages  t o  t h e  polyure thane  r e s i n  system j u s t  b e f o r e  a p p l i -  
c a t i o n  o f  the adhes ive  t o  t h e  c l e a n ,  unprimed m e t a l  s u r f a c e .  
Tables  I and I1 show t h e  average  v a l u e s  o b t a i n e d  from s t a n d a r d  
l a p  s h e a r  t e n s i l e  and T-peel  specimens f a b r i c a t e d  from 2014-T6 aluminum 
s h e e t  w i t h  the  Narmco 7343/MOCA (100 g/11.5 g)  a d h e s i v e  systems.  A l l  
of t h e  d a t a  p r e s e n t e d  a r e  of r e l a t i v e l y  r e c e n t  o r i g i n ,  c o l l e c t e d  s i n c e  
August, 1966. During t h i s  p e r i o d ,  a n  i n s u f f i c i e n t  number of T-pee l  
specimens ?was t e s t e d  t o  e s t a b l i s h  s t a t i s t i c a l  v e r a c i t y  f o r  t h e  t a b u l a t i o n s  
of Table 11; however, t h e  a v a i l a b l e  d a t a ,  a s  p r e s e n t e d ,  a r e  s u g g e s t i v e  of 
the  p e e l  s t r e n g t h  improvements t o  be expected when s i l a n e - t y p e  pr imers  o r  
a d d i t i v e s  a r e  used. 
F i g u r e s  1 and 2 a r e  b a r  graphs  of t h e  l a p  s h e a r  t e n s i l e  and T-pee l  
d a t a ,  r e s p e c t i v e l y .  It  i s  immediately a p p a r e n t  t h a t  s i l a n e  c o u p l i n g  
a g e n t s  a r e  r e s p o n s i b l e  f o r  s i g n i f i c a n t  s t r e n g t h  g a i n s  i n  b o t h  l a p  s h e a r  
t e n s i l e  and T-peel  t e s t  c o n f i g u r a t i o n s .  P a r t i c u l a r l y  r e v e a l i n g  i s  t h e  
ev idence  t h a t  Dow Corning ' s  2-6040 adhes ive  proved h i g h l y  e f f e c t i v e  when 
incorpora ted  a t  t h e  one p e r c e n t  l e v e l  d i r e c t l y  i n t o  t h e  r e s i n  system. 
Table  111 shows t h e  p e r c e n t  s t r e n g t h  improvement o v e r  t h e  l a p  s h e a r  
t e n s i l e  c o n t r o l  s e r i e s  when s i l a n e  type a d d i t i v e s  and pr imers  a r e  used .  
Table  IV shows s i m i l a r  r e s u l t s  f o r  T-peel  c o n f i g u r a t i o n s ,  b u t  i t  should  
be emphasized a g a i n  t h a t  o n l y  a s m a l l  number of  T-peel  specimens h a s  
been t e s t e d .  
The a d d i t i v e  technique  and t h e  t h r e e  pr iming f o r m u l a t i o n s  e a c h  
produce p o s i t i v e  b e n e f i t s ,  p a r t i c u l a r l y  i n  t h e  t roublesome r e g i o n  around 
200'F. The hydrolyzed 7.-6040 pr imer  system a p p e a r s  t o  promote t h e  bes t  
o v e r a l l  performance, b u t  a s imple a d d i t i o n  of non-hydrolyzed 2-6040 
d i r e c t l y  t o  the adhes ive  r e s u l t e d  i n  s i g n i f i c a n t  improvements a t  a l l  t e s t  
t empera tures  and no priming of t h e  m e t a l  was r e q u i r e d .  
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Table V shows d a t a  o b t a i n e d  from a se r ies  of  300 l a p  s h e a r  t e n s i l e  
specimens,  of which h a l f  were bonded w i t h  a 1 .2  p e r c e n t  2-6040 a d d i t i v e  
formula t ion  and t h e  remainder  wi th  a s t a n d a r d  c o n t r o l  f o r m u l a t i o n .  A t  
room tempera ture ,  i n c l u s i o n  of 2-6040 improves bond s t r e n g t h s  and y i e l d s  
a 50 p e r c e n t  r e d u c t i o n  i n  mean v a r i a t i o n  between t h e  s i n g l e  h i g h  and 
s i n g l e  low specimens.  The o u t s t a n d i n g  e f f e c t  of 7,-6040 a t  200'F i s  t o  
r a i s e  t h e  average v a l u e  t o  n e a r l y  f o u r  t imes  t h a t  of  t h e  average c o n t r o l  
v a l u e .  Furthermore,  even t h e  lowest s i n g l e  measurement from t h e  2-6040 
modif ied f o r m u l a t i o n  i s  twice t h a t  of  t h e  h i g h e s t  s i n g l e  c o n t r o l  specimen. 
This  improvement i n  t h e  +200'F problem a r e a  i s  p a r t i c u l a r l y  d e s i r a b l e .  
RESULTS AND CONCLUSIONS 
The performance of polyurethane bonded aluminum-to-aluminum j o i n t s  
was n o t a b l y  improved i n  t h r e e  cases  when commercial ly  a v a i l a b l e  s i l a n e  
c o u p l i n g  a g e n t s  were e v a l u a t e d  a s  pr imers  f o r  t h e  adherend s u r f a c e s  
and i n  a n o t h e r  c a s e  when one of  the m a t e r i a l s  was used a s  an  a d d i t i v e  
t o  t h e  polyure thane  r e s i n  system. I n c r e a s e d  bond s t r e n g t h s  were o b t a i n e d  
a t  -300°F, a t  room tempera ture ,  and a t  +200'F. The improvement a t  +200°F 
was the  most pronounced, and c o i n c i d e n t a l l y ,  t h e  most coveted ,  s i n c e  
polyure thane  adhes ive  performance a t  t h a t  t empera ture  h a s  always verged 
on t h e  u n a c c e p t a b l e .  P a r t i c u l a r l y  a t t r a c t i v e  i s  t h e  p r o s p e c t  of employing 
s e l e c t e d  s i l a n e  c o u p l i n g  a g e n t s  a s  a d d i t i v e s  t o  t h e  r e s i n  system, t h u s  
e l i m i n a t i n g  a m e t a l  pr iming s t e p  i n  t h e  bonding procedure.  
These r e s u l t s  should i n  no way be t a k e n  a s  a f i n a l  assessment  of 
t h e  s i l a n e  c o u p l i n g  a g e n t s  a v a i l a b l e  t o  adhes ive  technology o r  the  optimum 
manner o f  t h e i r  u t i l i z a t i o n  i n  bonding procedures .  These d a t a  from a 
l i m i t e d  number of e v a l u a t i o n s ,  however, a r e  compell ing evidence t h a t  
r o u t i n e  use  of  s i l a n e  coupl ing  agents  i n  s t a n d a r d  polyure thane  bonding 
procedures  w i l l  g r e a t l y  enhance the s t r e n g t h  and r e l i a b i l i t y  of  t h e  
bonded j o i n t s .  
EXPERIMENTAL 
Metal  P r e p a r a t i o n . -  Aluminum adherends (2014-T6 a l l o y )  were g i v e n  
a s t a n d a r d  s u l f u r i c  acid-sodium dichromate e t c h .  Lap s h e a r  t e n s i l e  
specimens were f a b r i c a t e d  from 0.063-inch s h e e t s  and T-peel  specimens 
from 0.020-inch s h e e t s .  
Adhesive Formulat ion and Cure. - I n  a t y p i c a l  adhes ive  f o r m u l a t i o n ,  
1 1 . 5  grams of MOCA was added i n  a mol ten  s t a t e  t o  100 grams of  Narmco 7343 
r e s i n .  Bond l i n e  t h i c k n e s s  was r e g u l a t e d  by i n c o r p o r a t i o n  o f  g l a s s  
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beads ,  0.003-inch t o  0 .005-inch,  i n t o  t h e  adhes ive  mix. Cure c y c l e  
was 48 hours a t  room tempera ture ,  followed by 24 hours  a t  160°F. 
2-6040 A d d i t i v e . -  One gram of 2-6040 was s t i r r e d  i n t o  100 grams 
of Narmco 7343 r e s i n  j u s t  p r i o r  t o  a d d i t i o n  of t h e  c u r i n g  a g e n t .  
2-6040 Pr imer . -  S o l u t i o n  A - 49.50 g H20 
0 .50 g a c e t i c  a c i d  
5.00 g 2-6040 
S o l u t i o n  B - 2 .20  g S o l u t i o n  A 
90.00 g Methanol 
8 .00 g %O 
S o l u t i o n  B was brushed o n t o  t h e  m e t a l  s u r f a c e  immediately a f t e r  p r e p a r a t i o n .  
The primed s u r f a c e  was allowed t o  a i r  d r y  a t  room tempera ture  f o r  two 
h o u r s  . 
2-6020 Primer. -  2-6020 (0.20 g)  was added t o  a b s o l u t e  e t h a n o l  
(99.80 g ) .  The s o l u t i o n  was immediately brushed o n t o  t h e  m e t a l  s u r f a c e ,  
which was then  a i r  d r i e d  f o r  one hour  a t  room tempera ture .  
XC-3901 Primer. -  XC-3901 was brushed d i r e c t l y  o n t o  t h e  m e t a l  
s u r f a c e  and allowed t o  a i r  d r y  f o r  one hour .  
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TABLF, I.- EFFECT OF SILANE PRIMERS AND ADDITIVES ON LAP SHEAR TENSILE VALUES 
Pr ime r Lap Shear Tensile, psi. At Test Temperature 
R.T. N7k* -300°F N** +200"F N** 
l io primer (control) 1626 150 65 17 40 464 7 5  
N o  primer, 1.0% 2234 150 9151 45 1691 150 
2-6040 Additive 
Hydrolyzed 2-6040 2847 65 8624 55 2027 6 0  
2-6020 3325 40 9115 40 1401 40 
XC-3901 23 10 35 9 105 30 1383* 30 
7k 180'F 
9& N = number of specimens averaged. 
TABLE 11.- EFFECT OF SILANE PRIMERS AND ADDITIVES ON T-PEEL VALUES 
T-Peel, piw, at Test Temperature 
Pr ime r R.T. N* -300°F N7k* +200"F N>k* 
N o  primer (control) 33.7 6 19.9 6 20.9* 6 
N o  primer, 1.0% 35.3 6 39.7 6 26.7 6 
2-6040 additive 
Hydrolyzed 2-6040 51.5 6 61.3 6 36.2 6 
2-6020 22.2 18 59.5 18 30.2 18 
XC - 3 90 1 29.7 12 25.2 12 39.9* 12 
7k 180'F 
*7k N = number of specimens averaged. 
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TABLE 111.- LAP SHEAR TENSILE STRENGTH GAINS ATTRIBUTED TO USE OF SILANE 
ADDITIVES AND PRIMERS 
Tes t  Percent  Improvement over Lap Shear Tens i le  Control  S e r i e s  
Temperature 1% 2-6040 2-6040 2-6020 XC-3901 
Addit ive Prime r Primer Primer 
Room Temperature 3 7% 75% 104% 4 2% 
-300°F 40% 3 2% 40% 40% 
+200"F 2 64% 337% 202% 198% 
TABLE IV.- T-PEEL STRENGTH GAINS ATTRIBUTED TO USE OF SILANE ADDITIVES 
A M )  PRIMERS 
Tes t  Percent  Improvement over T-Peel Cont ro l  S e r i e s  
Temperature 1% 2-6040 2-6040 2-6020 XC-3901 
Addit ive Pr ime r Primer Primer 
Room Temperature - 7% 3 6% -41% -21% 
-300°F 100% 208% 199% 26.6% 
+200"F 28% 73% 44% 90% 
6 
TABLE V . -  EFFECT OF 2-6040 ADDITIVE 
Lap Shea r T e n s i l e .  DS i. a t  Room Temperature 
Adhesive Mix N Low High Average Mean V a r i a t i o n  
01 
Cont ro l  + 1.2% 75 15 60 22 10 1844 - 16 
2-6040 +20 
Con t r o  1 75 990 2080 1490 -33 
+40 
Lap Shear T e n s i l e  p s i  a t  +200"F 
C o n t r o l  + 1.2% 75 1270 2370 1713 -26 
2-6040 +3 9 
Con t r ol 75 346 6 04 4 64 -25 
+3 0 
Notes:  (1) Con t ro l  - 100 grams Narmco 7343, 11.5 grams MOCA. 
(2)  N = number of i n d i v i d u a l  specimens averaged.  
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h a s  been determined t o  be u n c l a s s i f i e d .  
Th i s  document h a s  a l s o  been reviewed and approved f o r  t e c h n i c a l  
accu racy .  
Ch ie f ,  Non-Metall ic M a t e r i a l s  Branch 
n 
W .  R.  LUCAS 
D i r e c t o r ,  P ropu l s ion  6 Vehic l e  Eng inee r ing  Labora to ry  
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